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(54) PHYSICALLY MODIFIED ANTI-INFLAMMATORY 
. STEROIDS FOR USE IN AEROSOLS 



(7!) We, ALLEN A HANBURYS 
LIMITED,, a British Cocfeanys of Three Colts 
Lane, Bcthnal Green, London, E.i, do hereby 
declare the invention, for which we pray that a 
5 patent may be granted to us, and the method 
hy which it is to be performed, to be particu- 
larly described in and by the following 
statement:- 

This invention relates to anti-inflammatory . 

13 steroids far sd«T«ints: ration in aerosol 
formulations. 

hi the treatment of asthma it has been found 
effective to spray anti-inflammatory cortfr- 
costeroids into the bronchial system prophy* 

15 lac'icaily during the period when attacks are 
probable. Aerosol spray fo: mutations compris- 
ing a solution or micronised suspension ol the 
corticosteroid in a fiuorocarbon propeiiani are 
particularly convenient and the most suitable 

2jy o.opellajit system is t mixture of trichloro- 
^Mtvjfluoromethane (propellent II) and/or 
dtchloroutrafluorocthane (propetlant 1 14)* 
witli a' low-boiling propellant such as 
dichlorodilluoromethane (propellant 12). In 

25 general corticosteroids having high topical anti- * 
inflammatory activity are preferred; aerosols 
containing such corticosteroids arc also of use 
in other topical applications, e.g. in treating 
sunburn. , 

30 One parucuu. y useful corticosteroid, due 
to its high topical anti-inflammatory activity. is 
beclomethasone dipropionate (9ochloro- 
I 60-methyl-prednisolone 1 7 a, 2:1 - 
di-propionate). We have found, however, that 

35 when micronised beclomethasonc dipropionate, 
at a particle size suitable for inhalation into the 
bidnch*.tl system e.g. 2-5 microns, is flUcd-tato - 
aerosol containers with a mixture of propellants 
il and 12, c«y»idis of particle size above 20* % 

40 microns are formed which arc too large and 
cannot get past the trachea* * 

Our investigations have shown that the 
above large crystal: , 3re not pun 
he;|ou:ctii;wonc dipropionate hut a solvate 

4S formed with the propellant 11. The ratio of 



propellant 1 1 to cbrticosteroid is normally leas 
than 1:1 and can vary widely. Wc have found, 
however, tnat the crystal fcrm of the 'solvated* 
beclomethasone dipropionate is independent of 
the amount of propellant 1 1 and is markedly 50 
different from that of the micronised steroid 
nior to solvation. 

The term 'solvate 9 *s used herein in the 
general sense and refers to any crystalline 
materia! in wludi tit* steroid and tins *uiv«Ung 55 
<n££fp« «f* 2s*cc!2ted. The ntic of *h*? *t*mM 
to the solvating species need not be stoichio- 
metric and no mechanism of association is 
implied. Since the solvating species can often te 
removed without reversion of the crystal go 
structure to that of the soWent-f ree steroid, the 
solvating species m?y possibly occupy 'holes* in 
the crystal httice.' The solvating species is 
occasionally referred to herein as a 'solvent", 
this word being used in its general sense of a 65 
liquid which may dissolve or be associated with 
the steroid, it being appreciated that the 
steroids arc not soluble in many of the 
halogenated hydrocarbons with which they 
have been found to form solvates. 70 

Although crystals of solvate grown in the 
above way arc too large, we have found that 
when subsequently microniled and re* 
suspended in propellant II, there is no further 
tendency to growth and the micronised solvate 75 
is thus a more suitable component for an 
aerosol formulation than the unsolvated j 
corticosteroid. 

Formation of the solvate involves conversion 
into a crystalline form different from that of go 
beclomethasone dipropionate normally 
obtained when the steroid, after re- 
crystalination from ethanoi has oeen rendered 
solvent-free* by drying in vacuo at 1 I0°C. This 
apparently results from a chinge in the mode of 85 
bonding in the crystal lattice which proouces 
characteristic changes in the infra red spectrum 
of the solid, in adJition to the supenmpcsUicn 
of peaks characteristic of the solvating age;;i. 

Once conversion into the preferred $C 
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crystalUne form is » complete, variations 
encountered in the sew vent content (e.g. 8% or 
18% of propellant II) produce no further 
significant differences in those parts of the 
spectrum due to the steroid moiety: only the 
intensities of the solvent peaks being affected* 
The same 'is true of solvates with other 
halogenated hydrocarbon solvents such as 
propellant 12 and chloroform and methylene 
dicnloride. 

We have further found that the phenomenon 
of crystal growth in aerosol propellants is not 
confined to bedomethasone diproplonatc and 
that several other anti-inflammatory , steroids 
form solvates on standing to suspension in 
halohydrocarbons, which "solvates, on 
micronisation and resuipension, are found no 
longer to exhibit a tendency ,to growth. 

Such solvates are thus more suitable for the 
preparation of aerosol formulations for 
inhalation than are The solvent-free steroids. 

According to the present invention there- , 
(ore, we provide a method of converting an 
anti-inflammatory steroid exhibiting . crystal 
growth in aerosol propellant* into a form which 
does not exhibit such growth whereby the said 
steroid is contacted •vith ■ hatnj»nat*d .hydro- 
carbon to form a crystalline solvate therewith, 
uie crystalline matenal so formed being, if 
desired after removal of some or all of the 
halogenated hydrocarbon therefrom, reduced 
to a particle size permitting inhalation into the 
human bronchial system when dispersed as an 
aerosol « 

The solvates, in the micro ruse d form in 
which they are used in aerosol formulations, are 
new and according to a further feature of the 
invention, we therefore provide an anti- 
inflammatory steroid in the form of a 
crystalline solvate with a halogenated hydro- 
carbon or such a crystalline matenal from 
vthich part or all of the halogenated hydro- 
carbon has been removed, the particle size of 
substantially all of the steroid material being 
such as to permit inhalation into the human 
bronchial system wnen dispersed as an aerosol. 

The particle size of substantially all of th: 
solvate crystals, in order that they should be 
capable, on inhalation, of passing the trachea 
a«d entering the bronchial system, should be of 
less than 20 microns and preferably less than 5 
microns, the range 2-5 microns being 
preferred - 

Apart, from propellants 11 and 12, other 
prcptllzr.iz which can be uwu to form Miivaiea 
wiih the steroids here concerned »■« propeium 
113 (1 J,2-tnchtoro-1.2,2-trifluoroethane) and 
propellant US (monochloropcntatluoro-. 
ethane); chloroform and dichlornm*th:»nc also 
forms such solvates and in general this properly 
scorns to Le exhihr.cd by ali halogenated 
hydrocarb;::;:. ;. k :f ^cuily those having i or 2 
carbon atoms, more especially chloro- and 
chioro-nuoro-iiydrt*c:triHtn5. 

In jif.nera). \\w nnncipal requirement u 



solvate according to the invention is that it 
should be resistant to crystal growth when 
suspended in an aerosol propellantiand mote 
particularly in a mixture of propellants 1 1 and 
12. The solvent component should be free from 70 
side effects in that quantity introduced into the 
lunp; in general such Quantities are very small 
and solvents such as chloroform may not be 
contra-indicated In •his context. Solvates with 
solvents not regarded as suitable for inhalation 75 
in conjunction with the anti-Inflammatory 
steroid may nevertheless be of use in preparing 
other solvates by displacement process. 
Propellant 1 1 is particularly preferred as 
solvit ing sol ven t. 80 

In general, topical antiinflammatory 
steroids exhibiting crystal growth in aerosol 
propellants are to be found in the general class 
of corticosteroids and in particular comprise 
pregnr4*ene-3 v 20-dione$ having at the 85 
17o>poaition a hydroxy or acyloxy group, 
provided that when the l7*position is 
substituted by a hydroxy group, the 
21 -position h substituted by an acyloxy group, 
or hiving a 16, 1 7-kctonide grouping: having an 90 
oxo group or a 0-chloro or ^hydroxy group at ¥ 
th* ft -petition; 2nd having s singje cr double 
bond in the 1 .2-position. the 21 -position being 
unsubstituted or substituted by a hydroxy or 
acyloxy group or a halogen atom, including 9s 
ring-substituted dciivatives carrying, for 
example, in the Go-position a hydrogen, ■ 
fluorine 01 -nlorine atom or a methyl group; in 
die 9a-£ aition a hydrogen or chlorine atom or, 
when 'th *e is an oxygen function a* the too 
11 -position, a fluorine atom; and/or at the 
Imposition a hydrogen atom or methyl or 
methylene group. • 

21-Halo substttucnts may, for example, be 
fluorine or chlorine; I 7 - ^i\d 21-acyloxy 105 
groups preferably have 1-8 carbon atoms 
and ruay, for example, be acetoxy, 
propionyloxy, butyryloxy or benzoyloxy 
groups; 16, 17-ketonide derivatives are pre- 
ferably acetbnides. 1 10 

The changes in the steroid part of the 
solid-state I.R. spectrum which accompany the 
conversion into the preferred crystalline form 
arc closely similar in all the solvates prepared 
from halogenated hydrocarbon solvents. 1 15 

The solution spectra on the other hand only 
difTer from those of the unSolvated steroid in 
having additional peaks due to the solfcnt. It 
should be noted that the n.m.r. spectrum of a 
solvate with an aprotic solvent Is Identical wiih I2A 
that of .the pure steroid. 

In the case of bcclomethasome dipropionate, , 
the most obvious changes in the solid state l.R. 1 
spectrum can be stated thus:- 

a) The broad bonded OH band at 3230 125 
cm - " is raised to near 3500 cm" 1 and in- 
considerably sharpened. 

b) The carbonyi band of the 21 -propiony- 
loxy group at 1755 cm" 1 is lowered by about 
5'.:r:.*. 130 
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c) Thft 2(Kcartony! is lowered from 1732 
(where it • overlaps the 17-propionyloxy 
carbonyl) to appear a? a separate peak near 
1710cm- 1 * •* 
3 d) The 1,4-diene peaks- are more widely 
separated with the 1617 peak moved up to 
about 1630 cm' 1 . 

There ire, however, differences throughout 
4 the whole region examined from 650 cm 
10 upwards and only very few peaks are un- 
changed in position and intensity after 
solvation. 

It is found that it is possible by one method 
described below .to prepare a solvate of 

IS beclomeihasone dipropionate which Con tains* 
about 18% propellant 11. On mlcronisatlon, 
this material loses about one third of this 
propellant. If the solvate is dried, for example 
under vacuum at 30 C. down to a propellant 

20 content of about 8%, micronisatidh does not 
appear to cause los of further propellant Hone 
rigorous drying does, 1 however, remove still 
furtter prvpellant and it appears possible to 
remove virtually all the propellant; the crystal 

25 structure and l.R. spectrum appear to remain 
substantially unchanged during the above 
drving procedures. 

The l.R. spectrum of the solid solvate of. 
^!o~thrr*jr.t diprcpienste fern:ci T.'ith 

30 propellant 11 is shown in Fig. 1 of the 
accompanying drawings which also 
shows (dotted line) the spectrvm of tjic 
untreated steroid. . 
The principal absorption bands ire at 3483, 

35 1750. 1742, 1712. 1665, 1630, 1607, 1219. 
1195, 1180 and 886 cm' 1 

The band for monofluorotrichloromethane 
is zi C37 cm" 1 . 

Beclomeihasone dipropionate also forms a 

40 solvate with propellan: 12, the peaks here being 
ver> vimilar to those found with the propellant 
1 1 solvate. The propellant 12 itself, appears to 
be able to evaporate completely. The principal 
absorption bands for the latter solvent-free 

45 material can b* given at 3480. 1749, 1736, 
1709. 1662. 1631, 1608, 1190, 1048 and 
884 cm- 1 . 

Similarly, the solid-suts i.R. spectra of thv! 
corresponding chlorofonv; and methylene 
5t jhioride solvates include the following 
peaks: - 

Chloroform solvate 3475, 1750, 1740/1730. 
1712, 1665, 1630, 1607, 1190, 1178, 88} and 
a strong chloroform peak at 756 cm* 1 . 
55 Methylene 'ihhridv tttetc 3-175, 1750, 
1740/1730,^712. 1663. 1630, 1607, iivu, 
1178, 883 and a methylene chloride peak at 
740 enr 1 . 

Bcdomethasonc dmmninnati* having thfl 
6c above l.R- absorption bands is a novel form of 
matter and constitutes a feature of tit 
invention. 

Thermal analysis ul" the solvate of 
Hcdotiieihasone dipr v>nate with propellant 
\\ sk\ a lVrkin 1 : /: .... differential scanning 



calorimeter showed ihat steadily increasing bsat 
absorption continued to about 90° (until 
solvent was^re moved) arid was followed at 100 . 
by a more strongly endothermic change and 
then from 110-130° by an exothermic 70 
change. This suggests that removal of solvent is 
followed by a metas table phase change at 100 
which ultimately gives the stable form which 
mAts eventually at 214°. Under the conditions^ 
med, no discontinuity in the release of solvent 75 
was apparent \ i 

Microsr^pic examination showed the 
crystals t. be in the form of hexagonal 
plates, t 

'Although beclomeihasone dipropionate 8Q 
dispersed in a mixture of propellants 1 1 and 12 ■■«•'-■ ' 
forms a solvate with propellant II "only, a 
solvate can be formed with propellant 12 where 
propellant 1 1 is absent. 

As indicated above, other corticosteroids 85 
have shown similar effects and thus, for 
example, betamethasone 21 -acetate 
17-isobutyrate (9o*fluoro*160-m«thyl 
prednisolone 21-acctato 17-isobutyratc) forms a 
solvate with propellant II. After drying, one 90 
sample of this product had the spectrum shown 
in Fig. 2. It will be noted that this spectrum^ 
docs not show a significant absorption band 
ccrrc;pcr.Ji*~»g fr*opclI*m 1 1 miu ute latter 
presumably is removed virtually completely "95 
during drying. Other samples of t^e product 
showed the presence of propellant. The 
principal absorption bands are at: 3460, 1743, 
1730, 1704, 1668, 1634 zr.d MIS caT 1 .The 
spectrum of the untreated steroid is shown in 100 
Fig. 3. 

2 1 Chloro-21-deoxy-betamethasone 
17-propionate forms a solvate with pro* 
pc 11 ant 11. The principal absorption bands 
are at 3330, 1732, 165S, 1607, 1595, 1.J0, |05 
1057, 975, 950, 895 and 878 cm* 1 . This 
steroid forms a solvate with chloroform the 
principal absorption bands of which are at 
3300, 1730, 1605, 16S5, U76, 885, 882 and 
742 cnT l , the full l.R. spectrum being shown 1 10 
in Fig. 4 of the drawing?: the spectrum of the 
solvent-free steroid is, shown in Fig. 5. - 

Other corticosteroids of use in sero&i;: 
formulations, in particular antiasthmatic 

formulations, include betamethasone M5 



aercso! 

17-benzoate; fiuocinoione acetonide (6a 9a- 
difluoro-1 10, 2 1 «dihy droxy- 1 6a, 1 7a-isopropy- 
lidenedioxy-pregna-l,4-diene-3,20-dionc) and ■ 
the corresponding 21 -acetate; 9a-fluoro-16- 
methyicne-prednisoione 2 T -acetate; 6a.Va» "20 
clttluoropreUiusolone 21-acctatc 17-butyrate; 
9a, I 10 -dichloro-6a,21-difluoro-L6a. 
1 7a-tsopropylidenedicxy-prcgna-l t 4-dicn3-3, 
20-diene; ! 1? 21-dihydroxy-!£a,l7a-isopropy- 
lidcncdioxy-pregna-i ,A-diene-3,20-dione; 125 
9a.l ip-dichloro-6a-rtuoro-2 1 hydroxy- 1 6e, 1 7o- 
isopropylidencdioxy-pregna- ! ,4-diene-3, 
2G-dione, 2 1 -chlcro-2 1 -deoxy - 1 1 -dchydrobeta- 
incthasone 17-but>ratc and 2l-dcoxy- 
betamethasone 1 7-propionatc. 130 
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The aerosol formulations containing the 
micronised corticosteroid solvates will in 
general amply comprise a suspension of solvate 
in an appropriate propellant mixture, {e.g. a 
5 mixture of propellants 1 1 and 12, preferably in 
the ratio range 1:2 to 1:4 by volume, for 
example about 1 -3) together with a dispersing 
agent to stabilise the suspension. Okie acid is 
an especially convenient dispersing agent. Other 
10 dispersing agents include sorbiun trioleate and 
dioctyl sodium or caldum sulpho-suecinate. 

Jht solvates can be prepared in a number of 
ways, for example as follows:- 

1) Solvw.1- free steroid is contacted with 
15 the solvating solvent. The process may be 

accelerated by agitation and particularly size 
reduction whereby new crystal faces are 
continually exposed to solvent. Such reduction 
may, for example, be achieved by ultrasonic 
20 means or, more preferably, by ball milling. 

2) The steroid in unsotvated form is 
dissolved in a solvent for the steroid and 
subjected to codistiliatton with the solvating 
solvent, if necessary with Continual addition of 

25 the latter, until the firs: solvent has been driven 
off. The first solvent is preferably one which 
. does not form, a solid solvate with the 
corticosteroid and it is naturally more con* 
ventent it the first solve., f codistils with the 

30 solvating solvent readily; most organic solvents 
boil in the pure state at temperature? above the 
boLMng point of the aerosol propellant 
halogenated hydrocarbons which are the 
preferred solvating solvents and it is preferred 

35 that the boiling point of the two solvents 
should be relatively close. Methanol is 
especially effective, but other alkanols such as 
ethanof or isopropyl alcohol, or other solvents 
such as acetone or acetaldchyde can be driven 

40 off to yield a desired halohydrocarbon solvate. 
Solvents which ate capable of forming z solid 
solvate, such as methylene chloride, may also 
be used. A preferred procedure is to dissolve 
the corticosteroid in the least amount of 

45 methanol, e.g. 3 parts by weight of methanol to 
one of steroid and. after adding propellaal 1 1, 
to distil off the 4 £zeotrcpe' which boils at about 
21°C. The ratio of propellant 11 to methanol 
is, in general, in the range 25:1 to -50:1 by 

SO volume, e.g. about 33:1. More pro>#cllant II 
may be added during distillation. 

After the methanol has been removed the 
solvate precipitates and may subsequently be 
filtered «*ff and dried, e.g. at about 30° C under 

can he u^d but at such temperatures some 
reversion to the original crystal form may begin 
to occur. The tatio of propellant to the steroid 
in the dried product depends on the drying 
60 !imc and temperature. The product so prepared 
may be micro; kised for acro&ol formulation, c.i». 
h;. fluid energy milling. 

3) In general, method 2 is not easily ::wJ 
Hhcrc Uic second solvent is of hijdi volatility 

ttl since cudistdlatiun with most solvnis for 



steroid materials is then difficult. However, we 
have found It possible to obtain the crystalline 
solvate by crystallisation of the steroid from a 
low temperature mixture of a first solvent, in . % 
which the steroid b initially dissolved, and the 
solvating. solvent. It is generally preferred to 
add the steroid solution slowly to a large excess 
of the solvating solvent at a low temperature. 
This is particularly easy when 'the solvating 
solvent lis- nighly volatile and boils at 
atmospheric pressure at a low temperature. 
Thus, for example, propellant 12 -boils at 
-29°C; on mixing a solution or the steroid In 
an alkanol solvent, such as methanol, with an 
excess of propellant 12 at 29 C the 
propellant 12 solvate of the steroid crystallise* 
rapidly, less volatile propellants such as 
propellant 11 may readily be used in this 
method, however, if the temperature of the 
mixture fa suitably reduced. * ' 

Suitably low temperatures for crystallisation 
can readily be determined for any particular 
mixture by simple experimentation. After the 
crystals have been dried, which is particularly 
easy when highly volatile propellants such as 
propellant 12 are used, they are micronised for 
aero*ol formulation. 

Th* »#ir«/*1 fnrmuUtifw* CCT tilling 

corticosteroid solvates according to the v 
invention are intended fur administration to 
asthmatic humans on 'a prophylactic basis. In 
general, the aerosol system is preferably sc 
arranged that each metered dose or 'puff of 
aercso! contains 10 to 1000 jig, preferably 20 
to 250 Kg of steroid. More active steroids will 
be administered at levels at the lower end of 
this range and, for example, each metered dose 
of an aerosol containing beclomethasone 
dipropriorute suitably contains 30 to 80 Kg 
preferably about SOjig. of that steroid. 
Administration several times daily, for example, 
2, 3 or 4 times, giving for example I. 2 or 3 
doses each time, will normally control asthma 
in most subjec;:, the overall daily dose being in 
the range 100/itg to 4000 Kg, the more active 
steroids being used at 100 Kg to 1400 Kg 
preferably 200 600 KB I*' A*Y- 

The following Examples and Preparations 
arc given by way of illustration only. The"* 
preparations describe methods for producing 
the steroid solvates which, it will be under- 
stood, may be micronised to a size permitting 
inhalation into the human bronchial system 
when dispersed as an aerosol. 

LV-— * 

Bait milling 

Add 8 g freshly vacuum dried 
beclomethasone dipropionate and 50 c 
trichloromonofluoromethane (Arcton 11) 
("Arcton" is a registered trade mark) to a 
250 ml capacity porcelain ball mill containing 
about 1 70 g of a mixed range of steatite balls 
and rotate the mill at a suitable speed to cause 
the balls to casca<!;. Sample the suspension at 
intervals 'an J check u'std the particle size 
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distribution is acceptable. (2-5 microti) 

Drain the suspension as necessary and fill 
into aerosol cans. 
Example 2 

5 Solvation by precipitation from methanol 
solution 

Dissolve 50 g dried . beclomethasone 
dipropionate in 150 ml of methanol at 65°C 
(B.P. of MeOH) an J pour the hot solution into 

10 7 litres trichloromorofluoromethane (Arcton 
1 1 ). Distil the mixture down to about 500 ml 
(the methanol distils off with the Arcton 1 1 at 
2l.8°C) and filter off the precipitated material 
and dry at 30° C under vacuum. Drying can be 

1 5 Mopped at either of two level* of solvation. 

(i) A solvate containing about 18% w/w 
Arcton 

(ii) A solvate containing about 87- w/w 

Arcton. 

20 In the case of (i) subsequent micronising in a 
fluid energy-mill to the particle sizo (2-5 
microns) results in a loss of 4-6% Arcton 1 1 
but in case ( ii) no appreciable loss of Arcton 1 1 
occurs. 

25 Example 3 

250 mg finely powdered freshly vacuum 
dried betamethasone 21 -acetate l7*isobutyrate 
are suspended in trichlornmnroflunrnm^rhan* 
(Arcton 11) (20 mis) and allowed to stand at 

30 room temperature for 48 hours. The solvent is 
allowed to evaporate to yield a utlave having 
the I.K. spectrum (in mineral oil mull) shown it 
Fig. 2 of the accompanying drawings. Th#> 
crystals are subsequently micronised it) * fluid 

35 energy mil! io ihe particle sire 2 5 microns. 
Example 4 

Preparation of metered dote aerosols 

To prepare an inhalation aerosol delivering 
SO *tg beclomethasone dipropionate/dose. 
40 (i) Dissolve 652 mg oleic acid in 2.5 kg cf 
trichlorornonofluoromeihsne ( Arcton II). 

(ii) Disperse 6.9 & of micronised 
beclomethasone dipropionate solvate (contain- 
ing 91.41 of beclomethasone dipropionate) in 
45 this solution and make up to 3.0 kg with 
trichloromorofluotomethanc (Arcton 1 1 ). 

* (ui) Fill 5.7 g in this suspension into each 
aerosol can and crimp on itsuitablt metering 
valve. 

50 (iv) Pressure fill 14.7 g diti.loro- 
dtfluoromethane (Arcton 12) through the valve. 

A satisfactory aerosol may also be prepaid 
by the cold tilling technique. 

Other suitable wetting agents whiih can 

55 replace the oleic acid include sorbitan HcJeate. 
Emulsifter YN (Cadhury Bros; a rnbfture of 
ammonium compounds of phosphatide acid 
derived from rape seed oil) and dioclylsodium 
or calcium sulpltosuccinale. 

60 Examples 

Freshly d;i* J 2 l-chloro-2 1 -deoxy- 
betamctrMsc*;e « "-propionate (270 mg) was 
dissolved in ;W.i;:«nol (5 ml) and hichloro- 
morotVjor.'.r.-tcthantf * Arcton M H 50 m!) added 

65 and the .v»iveiu '.va* a!!ov<*.1 :•*? tlisti! oil on a 



water bath during which time a further two 
portions cf 50 ml of. trichloromono* 
fluoromethane (Arcton 11) were added. 
Distillation was continued until cloudiness was 
noticed at the surface of the solution whkh wis 
then allowed to stand at room temperature. 
Crystallisation ^vas initiated by scratching and 
after allowing to stand overnight, the crystals 
were filtered off and air-dried (yield 269 mg)* 
The Crystals were subsequently micronised in a 
fluid energy mill to the particle size range 2-5 
microns. 
Example 6 • 

.. Beclomethasone dipropionate (25 mg) and 
dichjorodifluorome thane (Arcton 12) (10 ml) 
were ball milled to the particle size range 2-5 
microns in a sealed glass bottle with steatite 
t/alls for five slays then air-dried. 



Reparation 1 



1 g Freshly dried beclomethasone 
dipropionate was dissolved in 10 ml methanol 
and the solution was added with gentle stirring 
to ISO ml dtehiorodifluoromethane (Atcton 
12) cooled to just below it* boiling point (ca 
-30°C). When no further precipitation 
occurred, the crystalline solid was filtered off 
and air dried at room temperature. Precautions 
t»tf#n tfcrrtitjfc/yj! to *xctedr itrr.c^phcrtc 
moisture. The infrared spectrum of this 
material run as a mineral oil mull gave a 
spectrum characteristic o . the preferred 
crystalline form and had in addition, prominent 
peaks due to dichlorodifluoromethane at 1085, 
910 and 880 cm' 1 . The sample during 24 
hours continued to lose weight (total ca 12%) 
after which less than 1% dichiorodifluoro- 
methane remained. 
Preparation 2 

1 g Freshly vacuum dried Seclomethasone 
dip%opionrte was dissolved in 10 ml methanol 
and the solution was added with gentle stirring 
to 200 ml trichlorofluotbme thane (Arcton II) 
cooled to -40 # C, When no further 
precipitation occurred, the crystalline solid was 
filtered oft and air dried at room temperature. 
Precautions were taken throughout to exclude 
atmospheric moisnr.e. The infrared spectrum of 
the product run as a mineral oil mt'll agreed 
with the characteristic spectrum of the solvated 
form with the main peak of propellant II at 
837 cm- 1 , 
Preparation 3 

500 mg. beclomethasone dipropionate, 
previously dried at \0fC in vacuo, were 
dissolved in 5mii v ef methyl***. chl«w{4e anfl. : 
50 ml. of l t l,2-trichloro-l"2 f 2-trifluoroethane 
(Arcton 113) were slowly added. The mixture 
was allowed 'to distil with further additions of 
1 . 1 ,2-trichloro-1.2 f 2-trifluorethane) (Arcton 
1 13) until all ;he methylene chloride ' ad been 
removed and the temperature reached the 
boiling point of Arcton 113. After 
crystallisation, the crystals of the Arcton 113 
solvate were filtered off and dried. These were 
found to be free of methylene chloride. The 
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l.R. spectrum of the sbhn't (in mineral nil 
mull) was substantially similar to that of the 
Arcton 1 1 solvate except for peaks due to 
solvent at 1 105, 1045, 1 030. 800 "and 
705cm rl . 
Preparation 4 

Ihe procedure outlined in Preoption 3 ''was' 
followed u«pg tricWoromoioQuorbiTw thane 
(Arcton 1 1) in place of*Arcton 1 13 and in place 
of methylene dichloride, 5 ml of acetone or of 
acetaldehyde. After distillation ahd crystal- 
lisatiori, good yields of the beclomethasdne 
dipropionate*Arcton 1 1 solvate were obtained, 
which were found to. contain 12.8% Arcton 11 
or 1 7.9% Arcton 1 1 respectively. The -MC 
spectra of these solvates were substantially 
identical with previously prepared Arcton II 
solvates. ■ 

WHAT WE CLAIM IS: 

vl. A method of couvertuit; an and*' 
inflammatory steroid exhibiting crystal growth 
in aerosol propellanu into a form which* does 
not exhibit such growth whereby the said 
steroid is contacted with a halogcnated hydros 
carbon to form a crystalline solvate therewith, 
the crystalline material" so formed being, if 
desired after removal or some or all of the 
holOtfciitficu- Ii/uiocarbon therefrom, reduced 
tr. a p«i uwie site permitting inhai scion into trie 
human bronchial system when dispersed as an 
aerosol. 

2. A method as claimed in claim I in which 
the steroid is a pregn-4-ene*3,20-d)Ofte having at 
the 17o*position a hydroxy or acyloxy group, 
provided that when the |7^j>ritition is 
substituted by * hydroxy group, the 
2 ! potion is substituted by an acyioxy group, 
or having a 16,17-ketonide group; having an 
oxo group or a ^chioro or 0-hydroxy group at 
ttie 1 1 -position; and having a single or double 
bond in the Imposition, the 2 Imposition being 
uruubstituted or substituted by a hydroxy or 
acyloxy group or ? halogen atom. 

3. A method as claimed in claim 2 in which 
the steroid carries in the opposition a 
hydrogen, fluorine c chlorine atom or a 
methyl group, in the 9a-posiiion a hydrogen or 
chlorine atom or. when there is an oxygen 
function in the 1 l-positioii, a fluorine atom 
and/or in the 1 6- position a hydrogen atom or a 
methyl or methylene group. 

4. A method as claimed in claim 2 in which 
the steroid is beclomethasone'dipropionate. 

5. A method as claimed in claim 1 or claim 
2 in which the steroid is betamethasone 
j l -acetate 17-isobutyrate or 21-chtoro- 
21 -Jccx> betamethasone i7-propionate. 

6. A method as claimed in any of the 
pteceding claims in which the halogcnated 
hydrocarbon is a chl >ro or chloiofluoro- 
hydrocarbon having I T carbon atoms. 

7. A method as claimed in, any »;f the 
preceding claims in which the italogenited 
hydi'Vrarhon is trich ! oi iV.mofl'.jorjiucthaiic. 

f. A method ax ci.nrrc ::t claim o in which 



• the haic^nated hydrocarbon is dichloro- 
difluorome thane, 1,1 ,2trichloro>l,I,2« 
trifiuoroethane or chloroform. 

9. A method as claimed in any oi the 
preceding claims in which the particle size o/ 70 
the solvate crystals Is reduced to less than 20 
microns. 

10. A method as claimed in claim 9 in 
which the particle size is reduced to from 2 to S 

: A microns. 75 
VII. A method as claimed in any of the 
preceding claims in which the solvate is formed 
by contacting the steroid, in solvent-free form, 
with the halogenated hydrocarbon. 

12. A method as claimed in any of claims I 80 
to 10 in which the solvate is formed by 
dissolving the steroid, in unsolvated form, in a 
first solvent and then distilling the resulting 
solution with the solvating solvent until the 
first solvent has been driven off. 85 

13. A method as claimed in ciaimW? in 
which the first solventf odistils readily the 
solvating solvent. t 

14. A method as claimed in claim 12 or 
claim 13 in which the first solvent does not 90 
form a solvate with the steroid. 

15. A method as claimed in any of c\v«x 
12 to 14 in Which the first solvent i* an alkannl 

16. A method as claimed in claim 15 in 
which the alkanol is methanol. 95 

17. A method as claimed in any of claims 
12 to 14 in which the first solvent is selected 
from ethanol* acetone, acetaldehyde, 
isopropanol o*. methylene chloride. 

!8. A method as claimed in claim 16 in 100 
which the solvating solvent is trichloromono- 
fluoromethane and the ratio thereof to tlae 
methanol is in die range 25 : : to 40: 1 by volume. 

19. A method as claimed in claim 18 in 
which the^ratio of trichloromoncfluoromethane 105 
to methanol is 33: 1 by volume. 

20. A method as claimed in any of claims I 
10 in which the solvate is formed by 

wry»iallisstion from a low-temperature mixture 
of a first solvent, in which the steroid in 1 10 
unsolvated form Is initially dissolved, and the 
YOivatiiig solvent. . 

21. A method as claimed i. claim 20 in 
which the sr.hiiion of die steroid in the first 
solvent is adtiwii slowly to an excess of the' 115 
solvating solvent. 

22. A method as claimed in any of the 
preceding claims in which particle size 
reduction is effected by fluid energy milling. '\ v , 
♦ 23. A method an claimed in dair; 3 !20 
substantially as hereinbefore described. • 

24. A method, as claimed in claim I sub- 
stantially as hereinbefore described with 
reference to Examples 1,2.3.5 or 6. 

25. An aerosol formulation comprising an !25 
aerosol propellant containing suspended therein 

in the presence of a dispersing agent an a;ui- 
infianunrtory. steroid in the form of a 
cry>i»!line solvate with a halogenated 
Kv Jf-.icarbon or such ;» cr> stalhne materia! from I 3* > 
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which part or all of the halogenatcd hydro- 
carbon has been removed, the particle site of 
substantially -all wt the steroid material being 
sUch as to permit inhalation into the human 
5 bronchial system when dispersed as an aeroaol. 

26. An aerosol formulation a* claimed in. 
claim 25 *n which the antiinflammatory steroid 
is beclomcthasone dipropioewte. 

27. An aerosol formulation as Claimed in 
10 claim 26 in which the said halogenated Hydro- 
carbon is trichloromonofluoromethane, 

28. An aerosol formulation as claimed in 
claim 25 in which the antMnflammatdiy steroid 
is betamethasone 21*acetate I74sobutyrate or 

15 2 1 -chloro-2 I -deoxy betamethasone, 
17-propionate. 

2V. An aerosol formulation as claimed in 
any of claims 25-28 wherein the halogenated 
hydrocarbon comprises a mixtu/e of trichloro 
mononuorome thane and ,„ dicfilorpdifluoro- 
ijvnhane in a ratio of from 1:5 to !:4 by 
volume. 

30. An aerosol formulation as claimed in 
claim 29 in which the ratio of trichtoromono- 1 

25 fluoromethane to dichlorodifuorome thane is 
1:3 by volume. V • 

31. An aerosol fohnulation as claimed in 
any of claims >>~JU in which the dispersing 

M) 32. An aerosoi formulation as claimed in 
any of claims 25-30 in which the dispersing 
agent is sorbitan trioleate or dioctyl sodium or 
calcium sulphosuccinate. 

33. An aerosol formulation as cl^iine^l ui 
35 any of claims 25 to 32 contained in an aerosol 

container equipped with a metering valve to 
enable a metered dose to be dispensed. 

34. An aerosol formulation as claimed in 
claim 33 wherein the metered dose contains 

4<) from 10 to 1,000 jig o* steroid. 

35. An aerosol formulation as claimed in 
claim 34 wherein the metered dose contains 
from 20 to 250 jig »f steroid. 

36. An iierosol fortnblation as claimed in 
4> claim 35 wherein the metered dose contains 

from 30 to uO/ig of steroid. 

37. An aerosol formulation as claimed in 
claim 36 wherein the metered, dose, contains 
50 Aig of steroid. 

50 38. An aerosol formulation as claimed in 
claim 25 substantially as hereinbefore 
uesenhed. 

y). An aerosol formulation as claimed in 
claim 25 substantially as hereinbefore described 



with reference to Example 4. js 

40. An anti-inflammatory steroid in the 
form of a crystalline solvate with a halogenatcd 
hydrocarbon or such a crystalline material fron. . 
which part cr ait of the halogenated hydro- 
carbon has been removed, the particle size of 60 
substantially all of the steroid material being 
such as to permit inhalation into the human 
bronchial system when dispersed as an aerosol. 

41. A steroid material as claimed in claim 

40 in which the particle size is less than 20 65 
microtia. 

42* A steroid material as claimed in claim 

41 in "which the particle size is from 2 to 5 
microns. , * * 

43. A steroid 'material as claimed in any of 70 
claims 40 to' 42 in which the steroid is 
beclomethasone dipropionatc. 

44. A steroid material 45 claimed in dnm 
43 in which the halogenated hydrocarbon "is 
trichloromonofluoromethane. 75 

45. A steroid materia] as claimed Hi claim 
43 in which the halogenated hydrocarbon is 
difluorodichloromethane . 

46. A steroid material 3S claimed in any of 
claims 40 to 42 in which the steroid is 80 
betamethasone^! -acetate !7 isobutyratc. 

47. A steroid material as claimed in any of 
ii«un» 40 uj 42 in which lite steroid is 
2 I chloro-2 1-deoxybctamethisone 
17-propionate. 85 

48. A steroid material as claimed sir claim 
43 in th* form of a solvate with trichloro- 
monofluoromethane having the i.R. spectrum 
as shown i in Fig. 4 of the accompanying 
drawings. 90 

49. A steroid material as claimed in claim 

46 in the form of a solvate with trichloromono- 
fluoromethane having the I.R. spectrum as 
shown in Pig. 3 of the accompanying drawings. 

50. A steroid materia) as claimed in claim 95 

47 in the form of a chloroform solvate having 
the l.R. spectrum as shown in Fig. 4 of the 
accompanying drawings. 

51. A ster.otd materia! *v» ciaimed *r. claim 

40 whenever prepared by a method as claimed 100 
in any of claims 1 to 24. 1 . „ 

FOR TfiE APPLICANTS ' 

Frank B. Dehn & Co.. 
Chartered Patent Agents, 1 
Imperial House, 
15 19Kingsway. 
London, W.C.2. 
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